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ABSTRACT OF THE DISCLOSURE 

An apparatus for integrating the area under the peaks 
of a ?rst electrical signal waveform which integration 
is performed with respect to a second electrical signal 
reference. The ?rst and second electrical signals are 
simultaneously applied to a converter that provides a 
series of output pulses having time intervals related to 
the logarithm of the ratio of the amplitude of the ?rst 
signal with respect to the amplitude of the second signal 
which output pulses are applied to an accumulator for 
totaling the time intervals of the output pulses associated 
with each signal peak. A correction means is connected 
to the converter for varying the amplitude of the second 
signal until it is equal to that of the ?rst signal during 
time periods the accumulator is inactivated. A control 
means is responsive to the ?rst signal to enable the ac 
cumulator during the presence of a signal peak and to 
enable the correction means during the absence of a peak. 
A recorder continuously records both the ?rst and sec 
ond electrical signals simultaneously, as a function of 
time. 

This invention relates generally to automatic integra 
tors, and more particularly to improvements in an inte 
grator for analytical instruments of the type which pro 
duce a series of peak signals and which integrate the 
area under each peak. A common instrument of this type 
is an amino acid analyzer in which a photocell is em 
ployed as a transducer to provide an electrical signal 
comprising a series of peaks for analysis. It is the func 
tion of the integrator to assist in the analysis 'by auto 
matically determining the area under each peak. 

Digital integrators which automatically compute the 
areas under the peaks and print the results on a paper 
tape have been widely accepted because computing the 
areas under the peaks is time consuming and requires 
considerable experience. Moreover, the accuracy of the 
results achieved manually depends upon the operator’s 
skill and judgment. A typical prior art automatic inte 
grator is described by Sid Deutsch in an article titled, 
“Automatic Optical Density Integrator,” published in The 
Review of Scienti?c Instruments, vol. 36, No. 3, March 
1965, at pages 299 to 307. 
A problem in using automatic integrators is that the 

areas under the peaks are calculated with respect to an 
electrical base line which tends to drift from the instru 
ment base line or reference, and therefore must be cor 
rected. The base line drift is usually at a uniform rate 
so that correction can readily be incorporated in an auto 
matic integrator, but care must be taken not to continue 
the base line correction while integration is in progress 
for that may cause some of the area under the peak to be 
subtracted, or added. For small peak signals, such an 
error would be signi?cant. Consequently, it is desirable 
to have both an automatic base line correction between 
peaks and some means for graphically determining the 
base line correction error present in a peak, if any. Thus, 
automatic base line correction should be made only 
during periods between peaks, and any error due to base 
line drift during the period of peak integration should be 
corrected graphically if necessary. However, if peaks oc 
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cur too close together, the saddle between them may not 
reach the base line. Under those circumstances, a greater 
error would occur if the electrical base line of the inte 
grator were to be corrected to the saddle between the 
peaks, the apparent base line of the chromatograph. 
Under those circumstances, it would be desirable to dis 
able the automatic base line drift corrector . 
Automatic integrators generally use the ?rst deriva 

tive of the input signal to start and stop the integration 
process for each peak. However, the input signal to the 
slope detector may suddenly shift to a new level to initiate 
the integration cycle which, once having been started, 
will continue until the ?rst derivative of an opposite 
sign is produced. When such a plateau occurs in the wave 
form, it is desirable to provide some means for recogniz 
ing it as a plateau and to terminate the integration cycle 
in order to be able to start the integration of the area 
under the next peak. 
As noted hereinbefore, the transducer used in an amino 

acid analyzer is a photocell the output current of which 
is proportional to the intensity of light‘ sensed by the 
photocell which intensity is in turn a function of the 
transmittance of the sample being monitored. On the 
other hand the absorbance of the sample (which is pro 
portional to the concentration or quantity) is a logarith 
mic function of the transmittance. More speci?cally, the 
absorbance A is related to the transmittance T by the 
equation: 

Where T is approximately equal to the ratio of I(t), a 
point on the input waveform, to lo, a point on the base 
line at the same time t. Thus, a logarithmic conversion 
must be made before the peak areas can be evaluated 
to determine the amount or quantity of each constituent 
making up the sample. The automatic integrator samples 
the input waveform periodically and computes the ab 
sorption at each interval by ?rst converting the am 
plitude of the signal sampled to a signal which is pro 
portional to the logarithm of the ratio of two analog 
inputs I( t) and ID, or V0 and Vt, and then converting that 
analog signal to linear digital units for accumulation. 
Thus a principal object of the invention is to provide 
improved means for converting an analog signal from 
logarithmic to linear digital units. I 

Another object of the invention is to provide a new 
and improved system for automatic base line correction 
in an automatic integrator. 

These and other objects of the invention are achieved 
in one illustrative embodiment for use in an amino acid 
analyzer, although, obviously, such an invention may be 
advantageously employed in other instruments whenever 
it is desired to automatically calculate the area under 
each peak of an input signal as it occurs, and to display 
the integral in digital form. In the illustrative embodi 
ment, the integrator is adapted to receive an input signal 
from a colorimeter, and to operate on the input signal to 
determine a value in a digital form which is equal to the 
area under a given peak, the area being proportional to 
the quantity of one amino acid in a sample. 

The various amino acids are ?rst separated in the sam 
ple by ion-exchange chromatography, then subjected to 
chemical reaction with a ninhydrin reagent. The reaction 
produces color compounds which are then sequentially 
scanned by the combination of a light source and a photo 
cell in a colorimeter. The output signal of the photocell 
is proportional to the transmittance of the colored com 
pounds. However, the concentrations of the various amino 
acids are linearly related to the absorbance of the colored 
compounds. Accordingly, a logarithmic conversion must 
be made to convert transmittance to absorbance before 
the area of a given peak is calculated to determine the 
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quantity of the amino acid. For that purpose, a logarith 
mic analog-to~digital converter is provided. It receives 
‘both the output signal from the photocell and an internal 
reference or base line signal, and periodically produces 
in response thereto digital output signals directly propor 
tional to the logarithm of the amplitude of the input signal 
derived from the photocell with respect to the reference 
or base line signal. 
An accumulator is coupled to the converter to sum all 

of the digital output signals associated with a given peak 
thereby integrating the area under one peak. A printer 
coupled to the accumulator provides a record of the peak 
integrals. A program control unit is provided to start and 
stop the integration cycle for each peak, and to cause 
the integral to be printed after the integration cycle has 
been stopped. The internal reference or base line signal 
is automatically adjusted to correct for any drift of the 
colorimeter reference or base line by causing it to be equal 
to the signal from the photocell between peaks. To ac 
complish that, the program control unit is connected to 
an automatic base line corrector to effectively disable the 
base line corrector’s input derived from the logarithmic 
converter, and cause the base line corrector’s last output 
to be maintained as the base line until integration is 
again stopped and the automatic base line corrector is 
again enabled. 

Both the electrical signal input to the logarithmic an 
log-to-digital converter and the electrical reference sig 
nal from the automatic base line corrector are recorded 
in a conventional multichannel strip-chart recorder in 
order that any base line drift which occurs during peak 
integration can be manually corrected, particularly for 
low level peak signals, because if not manually corrected 
the error can be substantial. This ability to correct for 
base line drift during peak integration is also important 
when the analyzer is equipped with a high sensitivity 
cuvette, or an expanded range recorder, or both. 

After the integration cycle for a peak has been stopped 
a predetermined delay is introduced before again en 
abling the automatic base line corrector in order to avoid‘ 
adjusting the base line to a saddle between twin peaks, 
i.e., a valley between two peaks occurring so close to 
gether as to overlap, because for twin peaks, it is prefer 
able to assume the same base line for both, but to in 
tegrate the area under the peaks separately. Two accumu 
lators are provided for that purpose in order that inte 
gration for the second peak may proceed while the in 
tegral of the ?rst peak is being printed. 
A sudden shift of the electrical signal input away from 

the internal reference or base line may be misinterpreted 
as a peak even though it is only a plateau, i.e., an elec 
trical signal input which levels off without returning to the 
base line. In order that the system will not continue to 
integrate the area under such a plateau, means are pro 
vided to automatically stop the integration after a prede 
termined time to avoid interference with the integration 
of true but small or ?at peaks. 
The converter comprises means for charging, or dis 

charging, a ?xed capacitance to a predetermined potential, 
and then exponentially discharging, or charging it, at a 
predetermined rate through the potential levels of the 
electrical signal input and the electrical base line signal. 
Separate means is provided to determine the time t1 at 
which the exponentially changing signal from the capaci 
tance passes through the electrical base line signal level. 
The interval between the time 11 and the time t2 at which 
the exponentially changing signal passes through the elec 
trical signal input is proportional to the logarithm of the 
ratio- of the two levels and therefore linearly related to 
absorbance (the electrical signal input with reference to 
the electrical base line signal). Clock pulses from a suit 
able source are gated during that interval (t2—t1) to 
provide a digital output from the converter. 

Other objects and advantages will become apparent 
from the following description of the illustrative embodi 
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4 
ment of the present invention just described brie?y, taken 
in conjunction with the accompanying drawings in which: 
FIGURE 1 is a system block diagram; 
FIGURE 2 is a schematic diagram of a logarithmic 

analog-to-digital converter employed to advantage in the 
system of FIGURE 1; 
FIGURE 3 is a schematic diagram of an automatic 

base line corrector for the system of FIGURE 1; 
FIGURE 4 is a schematic diagram of a program con 

trol unit for the system of FIGURE 1; 
FIGURE 5 is a waveform diagram illustrating the man 

ner in which the program control unit of FIGURE 4 
starts and stops the integration cycle for a peak in an 
electrical signal input to the system of FIGURE 1; 
FIGURE 6 is a waveform diagram illustrating the man 

ner in which integration is automatically stopped after it 
has been initiated by a plateau in the electrical signal 
input; 
FIGURE 7 is a waveform diagram illustrating overlap 

ping peaks and the error to be avoided in the operation 
of the automatic base line corrector of FIGURE 3; 
FIGURE 8 is a waveform diagram illustrating the nor 

mal operation of the automatic base line corrector; and 
FIGURE 9 is a waveform diagram illustrating the man 

ner in which the recorded ‘base line may be employed to 
manually correct for base line drift during integration. 

Referring now to FIGURE 1 of the drawings, an elec 
trical signal input derived from a photocell 10 is cou 
pled by an ampli?er 11 as an electrical signal input —Vx 
to a logarithmic analog-to~digital converter 12 which, as ‘ 
will be described more fully with reference to FIG 
URE 2, is operating continuously to provide digital out 
put signals to an accumulator 13 or an accumulator 14 
through an accumulator gate control 15 during a peak 
integration cycle under the control of a program con 
trol unit 16. Converter 12 also provides control pulses 
(both of which are positive in polarity) over lines 18 
and 19 between peak integration cycles for control of 
an automatic base line corrector 17 which adjusts the 
reference or electrical base line signal —Vo so that it 
tracks the electrical signal input -—Vx during intervals 
between integration cycles. As will be discussed in more 
detail hereinafter, the polarity of the electrical base line 
correction signal is determined by which output line (18 
or 19) the control pulse appears. 
The system automatically starts and stops an inte 

gration cycle for each peak of the signal =--Vx. As used 
throughout this description it will be understood that 
signal “peak” means that portion of an electrical signal 
waveform de?ned by the excursion of the signal am 
plitude from and back to a predetermined reference 
value. That is accomplished by the program control 
unit 16 which is also connected to the ampli?er 11. Con 
trol logic (described more fully hereinafter with refer 
ence to FIGURE 4) senses the beginning of a peak in 
the signal input —Vx and activates the accumulator gate 
control 15 over a line 20. Digital output signals propor 
tional to the logarithm of the ratio of the electrical signal 
input —Vx and the base line signal —Vo are transmitted 
over a line 21 and directed to one of the two accumu 
lators 13 and 14 over respective lines 23 and 24. When 
the end of the peak is detected by the program control 
unit 16, the accumulator gate control is deactivated to 
terminate transmission of digital output signals and, as 
will be explained more fully hereinafter with reference 
to FIGURE 3, to activate the automatic base line cor 
rector 17 through a line 25. At the same time, a print 
control unit 26 is activated through a line 27 in re 
sponse to which a number representing the integral of 
a peak is printed on a paper tape by a printer 28. In 
one embodiment, the most signi?cant digit of each num 
ber printed is incremented by one to facilitate correlating 
the number with a peak recorded on a chart produced 
by a direct-writing recorder 30 connected to the am 
pli?er 11 by a potentiometer 31. The recorder 30 also 
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records the electrical ‘base line signal —VO transmitted 
thereto over a potentiometer 32. The potentiometers 31 
and 32 are provided for zero alignment of the system 
upon installation. In a preferred embodiment the dura 
tion of each integration cycle is recorded by a third pen 
in the recorder 30, as by recording an integration control 
signal IC transmitted thereto by the program control 
unit 16 over a line (not shown). 

After the integration cycle for a given peak, the auto 
matic base line corrector 17 is activated by the program 
control unit over the line 25 in order to adjust the in 
ternal electrical base line reference signal —V0 to the 
colorimeter reference, which is the electrical signal input 
—-Vx between peaks. To accomplish that, the electrical 
signal input —Vx is effectively compared to the base line 
signal —V° by the logarithmic analog-to-digital converter 
which then transmits a control pulse over line 18 or 19 
depending upon whether the base line signal -—-V0 is less 
than or greater than the electrical signal input —Vx. As 
noted hereinbefore, the time duration of the pulse is a 
function of the amplitude of that difference. 
When the next peak in the electrical signal —Vx oc 

curs, the program control unit 16 initiates another in 
tegration cycle and, through the accumulator gate con 
trol 15, routes the digital output signals from the loga 
rithmic analog-to-digital converter 12 to the other ac 
cumulator, such that, for example, the ?rst and all odd 
numbered peaks of a sequence are integrated by the ac 
cumulator 13, and all even numbered peaks are inte 
grated by the accumulator 14. However, it should be rec 
ognized that although the provision of two accumulators 
is preferred, it is not necessary in order to practice the 
present invention. Instead, a buffer register may be pro 
vided to clear the accumulator, if only one is provided, 
and make it available for the next integration cycle while 
the printer, which operates at a much slower speed, 
prints a number representing the area under the peak 
which was stored in the buffer register during the pre 
ceding cycle. 

It should be noted that the integral printed represents 
the area of the integrated peak to which it corresponds, 
but that such an integral is a relative value with respect 
to the quantity of the amino acid in the colored com 
pound scanned to produce the peak in the signal input 
—V,,. The true quantity values are later obtained by ap 
plying a conversion factor determined in a calibration 
run. It should also be noted that an amino acid analyzer 
typically includes three photocells, at least two of which 
are recorded and sampled for analysis. Accordingly, al 
though not shown, it should be understood that a second 
ampli?er connected to another photocell is provided with 
a relay switch for automatically substituting the second 
ampli?er for the ?rst in the system at a time during an 
analysis run determined by a timer provided for that 
purpose. Control logic is provided to automatically re 
turn the ?rst ampli?er to the system. 
The transducer in a colorimeter provides an output 

signal which is proportional to the transmittance of the 
sample through which light to the photocell 10 passes. 
However, it is desirable to know the concentration of the 
colored compound in the sample, and it is known that 
the concentration is linearly related to absorbance. It is 
for that reason that in the system of FIGURE 1, a 
logarithmic converter is employed, as noted hereinbefore. 
To prepare the signal for peak area evaluation in order 
to determine concentration, the signal is ?rst converted 
into a time interval pulse. This pulse governs the number 
of 1 kc. clock pulses which are applied to accumulator 
gate control 15 in a manner to be presently discussed. 
The logical expressions for control pulses transmitted 
over lines 18 and 19 to the automatic base line corrector 
17 (FIGURE 1) are as follows: 
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6 
where K1 and K2 are positive signals transmitted by the 
ampli?ers 44 and 46 when the capacitor has discharged 
its stored energy to absolute values of voltage below the 
absolue values of the input signal ---Vx and the electrical 
base line signal —Vo. Although both control pulses are 
positive in polarity as mentioned hereinbefore, for de 
scriptive purposes, the control pulse having a time in 
terval — (t2—t1) and appearing on output line 19 will be 
referred to as a negative time interval pulse correspond 
ing to the (—) sign in the logical expression while con 
versely, the control pulse having a time interval +(t2—t1) 
and appearing on output line 18 will be referred to as a 
positive time interval pulse corresponding to the (+) 
sign in the logical expression. 
The logarithmic analog-to-digital converter 12 illus 

trated schematically in FIGURE 2 is employed to greatly 
simplify digital readout in the present invention and may 
be similarly employed in other instruments in which the 
unkown is a logarithmic function of the electrical signal 
input. An amino acid analyzer is but one example; an 
other example would be an absorption spectrophotometer. 
The converter can also be employed to perform such 
operations as multiplication, division, raising an arbitrary 
number to. an arbitrary power, logarithmic transforma 
tion, exponenation, and combinations thereof. The utility 
of this new and improved converter is here illustrated in 
an automatic integrator for amino acid analyzers by way 
of example only. 
The converter is based on the exponential time decay 

of voltages and currents in an RC circuit comprising a 
capacitor and resistor effectively in parallel with the ca— 
pacitor. If the capacitor is charged to some arbitrary volt 
age by an external source, and then allowed to discharge, 
the voltage and the current will decay exponentially with 
time. It can be shown that by comparing two electrical 
input signals VD or ID and Vx or Ix with the exponentially 
decreasing voltage or current of the RC circuit, a time 
pulse of duration tx proportional to the logarithim of the 
ratio of the two inputs can be obtained by either of the 
following: 

¢,= RC’ 1n 

z,=Ro In 

lnéloge 
Where : 

If during the time z‘X a clock pulse train of frequency f is 
accumulated, the total number of digital output signals 
accumulated at the end of the time t is given by either 
of the following: 

Several methods can be devised for achieving logarith 
mic conversion with this basic transfer function, but a 
method which seeks to charge the capacitor to the refer 
ence signal and then determine the time required to dis 
charge the capacitor to the input signal requires switches 
for sequentially connecting the reference and input sig 
nals to a differential ampli?er, as well as a switch in a 
feedback path to charge the capacitor while the reference 
signal is connected to the differential ampli?er. The loga 
rithmic analog-to-digital converter of the present inven 
tion illustrated in FIGURE 2 employs a dual comparison 
method; in particular, a dual current comparison, al 
though it will be understood by those skilled in the art 
that dual voltage comparison may also be employed, and 
that instead of discharging a capacitor exponentially, con 
version may be accomplished in a similar manner by 
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charging a capacitor exponentially while performing the 
dual comparison. 

In the dual current comparison method, a capacitor 40 
is charged through ?ip-?op 41 from the voltage source 
(not shown) supplying power to the ?ip-?op 41 to an ar 
bitrary voltage +V.c greater than the absolute value of in 
put signal voltage -—Vx with no peak present. Summing 
resistors 42 and 43 connected to the summing junction of 
an operational ampli?er 44 are selected to ‘be equal to 
each other, and equal to a summing resistor 45 connected 
to the summing junction of an operational ampli?er 46. 
A summing resistor 47 coupling a reference voltage —Vo 
from the automatic base line corrector 17 (FIGURE 1) 
to the summing junction of the ampli?er 46 may also be 
selected to be equal to the other summing resistors. How 
ever, it should be understood that any one of the sum 
ming resistors, such as the resistor 47, may be selected 
to have any resistance required in order to scale the 
electrical base line signal —V0 to the signal input —V,,, 
or vice versa. 
A timing signal C10 is applied to the ?ip-?op 41 to peri 

odically allow the capacitor 40 to charge and to discharge 
through the summing resistors 43 and 45. The source 
may, for example, be a ?ip-?op and the timing signal 
C10 be clock pulses at 10 cycles per second. A blocking 
diode 48 is provided to effectively disconnect the ?ip-?op 
41 (and thus the voltage source) while the capacitor 40 
is discharging. At some time after the capacitor 40 starts 
to discharge, the currents in the resistors 43 and 45 will 
equal the input currents through the resistors 42 and 47, 
and the outputs of the ampli?ers 44 and 46 will change 
polarity. If the output signal from the ampli?er 44 
changes polarity ?rst, it is known that the electrical sig 
nal input —Vx is greater than the electrical internal 
base line signal -—V0. The time which lapses before the 
output signal of the ampli?er 46 changes polarity is di~ 
rectly proportional to the logarithm of the absolute am 
plitude of the electrical signal input ——Vx with respect to 
the electrical base line signal —Vo. Since voltage input is 
directly proportional to current through a summing re 
sistor connected to an operational ampli?er, the time 
may be expressed in the following manner: 

i2 — 11: If lOgm 

where K=RClnlO 
AND gates 50 and 51 are employed to detect the posi 

tive and negative time interval pulses, respectively. In 
verting ampli?ers 52 and 53 couple the output terminal 
of the ampli?er 44 to the AND gate 50, and inverting am 
pli?ers 54 and 55 couple the output terminal of the am 
pli?er 46 to the AND gate 51. The output terminals of 
the inverting ampli?ers 52 and 54 are connected to the 
AND gates 51 and 50, respectively, in order to mechanize 
the foregoing equations for the two positive and negative 
time interval signals. The AND gates 50 and ‘51 are de 
signed to provide time interval pulses of positive polarity 
at their output terminals only when all of their input ter 
minals are at zero potential. For instance, for the posi 
tive time interval pulse appearing on line ‘18 derived from 
the AND gate 50, it is necessary for the output of the 
ampli?er 46 to reverse polarity at time t1 when the volt 
age of the discharging capacitor 40‘ becomes less than 
|—V°| before the output of the operational ampli?er 44 
similarly reverses polarity. Thus, the output of the in 
verting ampli?er 52 remains positive until time t2 while 
the output of the inverting ampli?er 54 switches to zero 
volts at time t1. The inverting ampli?er 53 translates the 
output of ampli?er 52 to a zero volt signal to partially 
enable the AND gate 50. However, the AND gates 50 
and 51 cannot be fully enabled except while the ?ip-?op 
41 is reset to back-bias the diode 48 and provide a zero 
potential to the AND gates 50‘ and 51. 
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These time interval pulses derived from the AND gates 

50 and 51 are directly proportional to the logarithm of 
the electrical signal —VX as required for the automatic 
base line correction. In order to provide logarithmic ana 
log-to-digital conversion, an AND gate 56 is connected 
to the output terminal of the AND gate 50. The other 
input terminal of the AND gate 56 is connected to a source 
of clock pulses at a frequency of 1 kc. The number of 
pulses transmitted by the AND gate 56 is directly pro 
portional to the positive time interval pulse and therefore 
directly proportional to the logarithm of the electrical sig 
nal input —-Vx as required for integration. In eifect AND 
gate 56 in response to a series of time interval pulses pro 
vides a series of output pulse trains with each train of 
pulses representing an increment of area under peaks of 
the input signal waveform. No other linear analog-to~digi 
tal converter is required. Thus, it can be seen that with 
the AND gate 56, the logarithmic converter can be in 
corporated into a system which requires a digital output 
much more easily than logarithmic converters of other 
forms. A corresponding gate is not connected to the AND 
gate 51 to convert the negative time interval pulses ap 
pearing on line 19 to a number of pulses directly pro 
portional to the time interval t2—t1 for the reason that in 
an amino acid analyzer only peaks of one polarity occur. 
As noted hereinbefore, this logarithmic analog-to-digi 

tal converter may be employed to advantage in other ap 
plications, such as in spectrophotometry which is very 
much the same as ion exchange chromatography employed 
for amino acid analysis except that in spectrophotometry 
two samples are compared, one sample being the unknown 
and the other the reference. The absorbance is then found 
from the relation: 

AElOg10(Io/Ix) 
expressed in units of optical density where I0 is the cur 
rent from the photodetector associated with the reference, 
and Ix is the current from the photodetector associated 
with the unknown. Thus, the logarithmic analog-to-digital 
converter of FIGURE 2 can be used directly to obtain 
the absorbance A of the unknown sample. The only dif 
ference is that in an amino acid analyzer, the sample is in 
a ?uid ?ow system which produces a sequence of signal 
peaks, each of which must be analyzed individually where 
as in spectrophotometry, the sample is static. In other 
words, in spectrophotometry, only one cycle of the ?ip 
?op 41 is required to obtain the absorbance of the un 
known sample, whereas successive cycles of the ?ip-?op 
41 are required to alternately charge the capacitor 40 and 
obtain a time interval pulse +(t2—t1) at the output of 
the AND gate 50 in order to integrate the area under a 
peak of the electrical signal input -—VX. 

Referring back to FIGURE 1, the ampli?er 11 converts 
the low current signal from the photocell 10 in the 
colorimeter to an ampli?ed signal —Vx employed in the 
logarithmic analog-to-digital converter 12 and the pro 
gram control unit 16. The signal -—Vx is also applied to 
the chart recorder 30, as noted hereinbefore, but for that 
purpose it is scaled by the potentiometer 31. A typical 
peak recorded and integrated is illustrated in FIGURE 5. 
As long as the signal —Vx contains no peak, the elec 

trical base line signal —-V0 is equal to the signal input 
~Vx. Any voltage difference between the signal input 
—Vx and the electrical base line signal —V0 is due to 
drift of the colorimeter reference potential. The difference 
is detected in the logarithmic analog-to-digital converter 
12 and converted to positive or negative time-interval 
pulses and transmitted over the lines 18 and 19, respec 
tively, to the automatic base line corrector 17 which ad 
justs the electrical base line signal —-Vo until the di?’er 
ence is zero. 

When a positive-going peak in the signal |-VX begins, 
the program control unit 16 senses a positive slope in ex 
cess of a predetermined minimum level which may be 
adjusted to set the slope detector sensitivity. The output 
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of the slope detector in the control unit terminates the 
operation of the automatic base line corrector 17 and 
activates the accumulator gate control 15. The amplitude 
of the peak is then periodically converted by the logarith 
mic analog-to-digital converter 12, with the electrical 
base line signal —V° held constant. Each time the peak 
amplitude is converted, a number of pulses proportional 
to the logarithm of the amplitude is stored in one of the 
accumulators. ; 
On the trailing edge of the peak, the slope detector out 

put eventually falls below a minimum level equal to, but 
of the opposite polarity of, the minimum positive slope. 
The program control unit 16 then causes the accumulator 
gate control 15 to stop transmitting digital signals from 
the logarithmic analog~to»digital converter 12 to the ac 
cumulator, thereby terminating an integration cycle. There 
after, the print control 26 causes the sum of the accumu 
lated digital signals to be printed. Thus, the program con 
trol unit 16 provides automatic integration for each peak, 
the integration cycle being automatically started when 
the absolute value of the positive slope of the peak exceeds 
a predetermined minimum level and automatically termi 
nates the integration cycle when the absolute value of the 
negative slope of the peak falls below that minimum 
level. 

Referring now to the schematic diagram of the pro 
gram control in FIGURE 4, a slope detector 60 is pro 
vided comprising an operational ampli?er 61 and a dif 
ferentiating network including a capacitor 62, resistor 63, 
and potentiometer 64. The ditferentiating network takes 
the ?rst derivative of the signal input to start and stop the 
integration cycle when the slope of a signal input peak, 
such as the signal illustrated in the ?rst waveform of 
FIGURE 5, exceeds the slope detector sensitivity set 
ting. The leading edge of the peak produces a positive 
derivative which is inverted by the ampli?er 61 and 
applied to a pair of Schmitt trigger circuits 65 and 66. 
Accordingly, the ?rst derivative of the signal input peak 
illustrated in FIGURE 5 is actually _a negative signal for 
the leading edge of the peak and a positive signal for 
the trailing edge. 
The Schmitt trigger circuit 65 is adjusted to switch its 

output terminal from +6 volts to 0 volt when its input 
signal exceeds a predetermined minimum level indicated 
by the line 67 in FIGURE 5. The output pulse from the 
Schmitt trigger circuit 65, illustrated by the waveform 
ST1 in FIGURE 5, is inverted by an ampli?er 69 toLO 
vide a positive pulse, illustrated by the waveform IST1 
that sets an asynchronous buffer ?ip-?op 70 which in 
turn enables a synchronous start control ?ip-?op 71 to 
be set by a pulse from the clock source C100 that is syn 
chronized with the clock source C10 connected to the 
integrating cycle control ?ip-?op 41 (FIGURE 2). The 
frequency of the clock pulse source C100 is greater than 
that of the clock pulse source C10 ‘by a factor of 10. Non 
inverting ampli?ers 72 and 73 couple the true and false 
output terminals of the start control ?ip-?op 71 to the 
automatic base line corrector illustrated in FIGURE 3. 
For convenience, the output terminals of the ampli?ers 
72 and 73, and the input terminals of FIGURE 3 to 
which they are connected, are identi?ed by the respective 
legends IC and IC. 
As noted hereinbefore, the sensitivity of the slope de 

tector may be adjusted. Thus, depending on the sensi 
tivity setting, the slope detector will recognize a peak 
more or less quickly. The lower the sensitivity setting, 
the sooner the slope detector will respond. In a com 
mercial embodiment of the present invention for an 
amino acid analyzer, seven different sensitivities may be 
selected ranging from 0.02 optical density units per min 
ute to a greater sensitivity of 0.0002 optical density units 
per minute. The sensitivity selected depends upon the 
average peak height expected. For lower peak heights 
more sensitivity is preferred. However, instead of ad 
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justing the detecting levels 67 and 68 (FIGURE 5) of 
the Schmitt trigger circuits 65 and 66, the di?erentiating \ 
network is adjusted through the potentiometer 64 such 
that for more sensitivity, the same slope will produce a 
signal at the output terminal of the ampli?er 61 of great 
er amplitude. In other words, the gain of the operational 
ampli?er is increased in order to increase the sensitivity 
of the slope detector, instead of the triggering threshold 
of the Schmitt trigger circuits 65 and 66. 
The integration cycle is stopped when the slope of the 

trailing edge of the peak falls below the detection level 
of the Schmitt trigger circuit 66, which is when the slope 
falls below the sensitivity setting of the slope detector and 
the inverted ?rst derivative is positive. That is accom 
plished by triggering the Schmitt trigger circuit 66 when 
the ?rst derivative of the electrical signal —Vx (inverted 
by the ampli?er 61) exceeds the positive voltage level 68 
to produce a positive pulse illustrated by the waveform 
ST; in FIGURE 5. The trailing edge of that positive pulse 
is translated by a plateau timer 80- to a pulse generator 
81 to produce a pulse in a manner well known to those 
skilled in the art which is applied to the buffer ?ip-?op 
70 and the start control ?ip-?op 71 to reset them and 
thereby terminate the integrating cycle. 

If the electrical input signal —VX should shift in the 
manner illustrated in FIGURE 6 without a peak being 
present, the ?rst derivative of that electrical signal input 
—Vx inverted by the ampli?er 61 provides a negative 
signal which will exceed the level 67 of the Schmitt trig 
ger circuit 65, thereby producing a negative pulse which 
is inverted by the ampli?er 69 to provide a positive pulse 
as shown by the waveform ST]. The leading edge of that 
positive pulse will set the buffer ?ip-?op 70.-The start 
control ?ip-?op 71 is then set by the next clock pulse 
from the source C100 to automatically start integration of 
the shaded area under the electrical input signal ~Vx 
shown in FIGURE 6. However, since a peak is not pres 
ent in the electrical input signal -—VX, the ?rst derivative . 
(output signal from the ampli?er 69) will return to zero 
and remain. Consequently, the Schmitt trigger circuit 66 
remains in its initial state as shown by the waveform 
ST; and the pulse generator 81 is not actuated to reset 
the ?ip-?ops 70 and 71 to stop integration. 

If the integration cycle started by such a plateau is not 
stopped, the area under that plateau will be integrated to 
gether with the area under the next peak, thereby intro 
ducing a substantial error. Accordingly, it is desirable to 
stop the integration cycle before the next peak occurs, to 
recycle the integrator. The integral value of such a pla 
teau would then be printed but it can be identi?ed as a 
plateau'integral and not a peak integral by reference to 
the record of the electrical signal input —Vx and the base 
line signal —-V0 produced by the chart recorder 30 (FIG 
|URE 1). 

The plateau timer 80 (FIGURE 6) stops the integra 
tion cycle if the slope of the electrical signal input —VX 
remains less than the sensitivity setting for the slope de 
tector for a preset time which may be adjusted by a po 
tentiometer 82. The plateau timer 180 may be a conven 
tional RC timing circuit which includes the potentiometer 
82 so that the RC time constant may be adjusted to pro 
vide the desired time at which the pulse generator 81 
is to be actuated to stop the integration cycle. 
The plateau timer 80 is started through an AND gate 

83 by the trailing edge of the pulse from the Schmitt trig 
ger 65 illustrated by the Waveform ST1 in FIGURE 6. 
The AND gate 83 is enabled by a positive signal from the 
ampli?er 72 if the start control ?ip-?op 71 is in the re 
set condition or zero state indicating that an integration 
cycle is not in progress. The output of the enabled AND 
gate 83 is employed to allow a charged capacitor to begin 
discharging through a resistor in much the same manner 
as the capacitor 40 is allowed to discharge through resis-v 
tors 43 and 45 in the logarithmic converter illustrated in 
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FIGURE 2 in response to a signal from control flip-flop 
41. A detector, such as a Schmitt trigger circuit, deter 
mines when the capacitor has discharged to a predeter 
mined level and thereupon activates the pulse generator 
81 to terminate the integrating cycle. 

Since the plateau timer 80‘ is activated each time an in 
tegration cycle is initiated, it is desirable to inactivate the 
plateau timer if a peak longer than the preset timer of the 
plateau timer 80 is present, a situation which may occur 
even though the plateau timer is adjusted for a time which 
will just exceed the longest expected peak. To indicate 
the plateau timer 80 in the presence of a peak signal, the 
output pulse of the Schmitt trigger circuit 66 is employed. 
For example, the output of the Schmitt trigger circuit 66 
may be applied to an AND gate between the plateau timer 
80 and the pulse generator 81 to inhibit activating the 
pulse generator 81 when the output signal STZ from the 
Schmitt trigger circuit 66 is positive just as activation of 
the plateau timer 80 is inhibited while the AND gate 83 
receives a zero volt signal from the ampli?er 72. The trail 
ing edge of the positive pulse 5T2 (FIGURE 5 ) is then 
employed to trigger the pulse generator 81 through the 
plateau timer 80 in the same manner as the plateau timer 
would have triggered it. , 
FIGURE 7 illustrates a sequence of peaks 84 to 89 to 

be integrated. When the peak 84 begins, that is, at T1 
when the slope detector 60 (FIGURE 4) senses a positive 
slope value in excess of a minimum eifectively set with 
the potentiometer 64, an integration cycle is started in a 
manner just described with reference to FIGURE 4. The 
amplitude of the peak is then sampled once every second 
in response to actuation of the ?ip-?op 41 in the converter 
(FIGURE 2) with respect to the electrical base line sig 
nal -'V° maintained as a ?xed reference. Each time the 
peak is-sampled, a number of pulses proportional to the 
logarithm of the sampled voltage is stored in one of the 
accumulators. When the integration cycle is stopped at 
time T2, the accumulator gate control 15 (FIGURE 1) 
switches the accumulating function to the alternate ac» 
cumulator so that upon the occurrence of the next peak 
85, integration may be started while the integral value of 
the peak 84 is printed. This allows a time interval from 
time T2 to time T5 to print the ?rst peak integral and clear 
the ?rst accumulator. During the interval between the two 
peaks 84 and 85, which is between the time T2 and T4, it 
is desirable to adjust the electrical base Vo line signal to 
be equal to the electrical signal input —Vx. That is ac 
complished by energizing a relay 90 through an AND 
gate 91 in the automatic base line corrector illustrated in 
FIGURE 3. However, if two peaks occur so close to each 
other that they overlap, such as peaks 86 and 87, a large 
error occurs in the integration of the second peak (as 
illustrated in FIGURE 7 by the shaded area between T7 
and T9) if the electrical base line signal ——V., is adjusted 
during the short interval between the time T-; when the 
integration cycle for the peak 86 is terminated and the 
time T8 when the intergration cycle for the peak 87 'is 
started. 

Since the electrical input signal -Vx to which the elec 
trical base line signal —V(J is adjusted is not at that time 
a true reference but simply the minimum or saddle be 
tween the two overlapping peaks, it is preferable to re 
tain the same electrical base line signal —V0 throughout 
the two successive integration cycles when two peaks oc 
cur so close to each other that they overlap in the manner 
illustrated for the peaks 88 and 89. That is accomplished 
by disabling the AND gate 91 for a predetermined period 
of time, such as from time T2 to time T3 following integra 
tion of the peak 84, sufficiently long to assure that the elec 
trical input signal —VX has returned to its reference, and 
not simply to a minimum between two peak signals. To 
accomplish that, a delay timer 92 similar to the plateau 
timer 80 is provided with a potentiometer 93 in order that 
the time delay may be adjusted. 
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In operation, a ?ip-?op 94 is set by the signal ID from 

the ampli?er 73 (FIGURE 4) to initiate the delay timer 
92 and inhibit the gate 91. The ?ip-?op 94 is then reset 
by the delay timer 92 after a lapse of the predetermined 
time established by the potentiometer 93. The AND gate 
91 is not enabled to energize the relay 90‘ until the ?ip-?op 
94 has been reset. In that manner a short delay is intro 
duced to assure that the signal input —Vx has returned 
to its reference level and not simply to a lower level be 
tween two overlapping peaks. 
The positive and negative time interval pulses (which 

are positive in polarity) derived from the logarithmic Icon 
verter illustrated in FIGURE 2 are applied to input ter 
minals 95 and 96 connected respectively to the leads 18 
and 19 (FIGURE 1). The positive time interval pulses 
at the input terminal 95 are transmitted by noninverting 
ampli?er 97 and inverting ampli?er 98 to a potentiom 
eter 99 connected to the input terminal of an integrat 
ing ampli?er 100. Similarly, the negative time interval 
pulses at the input terminal 96 are coupled to the po 
tentiometer 99 by inverting ampli?ers 101 and 102. The 
output signal from the ampli?er 98 is --l0 volts when 
a time interval pulse is present at the input terminal 95; 
otherwise the output signal from the ampli?er 98 is zero 
volt. Similarly, the output signal from the ampli?er 102 
is +10 volts when a negative time interval is present 
at the input terminal 96; otherwise the output signal is 
zero volt. A common load resistor 103 is provided for 
both ampli?ers 98 and 101. To avoid shorting the signal 
from one of the two ampli?ers 98 and 102 through the 
other, suitable isolation is provided between the two, such 
as by buffer diodes in a manner familiar to those skilled 
in the art. 
The integrating ampli?er 100 integrates the positive, 

or negative, pulses to develop a signal across its intergrat 
ing capacitor 103 the amplitude of which is proportional 
to the time integral of the pulses. The polarity of that 
signal is opposite the difference between the signals ~—Vo 
and —VK in such a manner as to reduce the time inter 
vals of the pulses to zero by adjusting the electrical base 
line —V0 to equal the electrical signal input -VX. A 
voltmeter 105 is coupled to the ampli?ers 97 and 101 by 
inverting ampli?ers 106 and 107 in order to provide a 
visual display of the difference between the electrical~ 
base line signal —V0 and the electrical signal input —V,,. 
To accomplish that, an IRC ?lter 108 is connected in par 
allel with the voltmeter 107. 
The operation of the automatic base line corrector to 

maintain the electrical base line signal —Vo constant 
while a peak is being integrated, and for a short delay 
time thereafter,‘ is illustrated in FIGURE 8 which shows 
a ?rst peak being integrated between the times T1 and 
T2 and automatic base line correction between the times 
T3 and T4. The potentiometer 99 (FIGURE 3) is pro— 
vided to adjust the rate at which the electrical base line 
is corrected. It is desirable to maintain the rate relatively 
low so that the automatic base line corrector will not 
track the electrical ‘signal input —Vx too closely once 
the next peak is started for otherwise there would be a 
tendency to suppress the peak (subtract some of the area 
under the peak) since integration is not started until the 
slope of the peak has reached a predetermined minimum. 
The electrical base line signal —V,, recorded by the chart 
recorder 30 will indicate whether the rate is too high 
for if it is, the recorded electrical base line signal —Vo 
will have a mesa occurring each time a peak occurs, as a 
result of the automatic base line corrector 17 tending 
to track the electrical signal input —Vx too closely. 
The recorded electrical base line signal —Vo may be 

used to advantage in making graphical corrections to the 
peak integrals if the base line or reference of the elec 
trical signal input —V,, drifts during an integration cycle. 
As noted hereinbefolre, the automatic base line correction 
cannot be made during the integration cycle. However, 
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particularly for low peaks, the error introduced by base 
line drift during the integration cycle may be signi?cant 
such as in the exaggerated peaks illustrated in FIGURE 
9. Thus, when no integration cycle is in progress, the 
electrical base line signal —V0 is continually corrected 
for drift of the reference or base line of the electrical 
input signal -VX. When the integration of a peak starts, 
base line correction stops and the base line used for in 
tegration is maintained constant until the integration is 
complete and for a short delay period thereafter. How 

> ever, the base line correction does not affect the electrical 
input signal —Vx recorded by the chart recorder 30 
which also records the electrical base line signal —Vo. 
Since the integral of each peak is based on the electrical 
base line signal —Vu, it is sometimes desirable to adjust 
for any drift during integration by a reference to the rec 
ord of the signals _——VX and —V,,. In other words, if the 
base line drifts during peak integration, the system con 
tinues integrating with reference to the base line levels 
at the beginning of the peak. After the integration cycle 
has been completed, the automatic base line corrector 
will adjust the base line, but for the peak just passed, 
the accumulated area count or integral will be miscal 
culated in proportion to the amount of drift. To correct 
for such drift it is necessary to add or subtract a portion 
of the peak area. The size of this portion is related to 
the difference between the base line or reference of the 
input signal —VX and the electrical base line signal —Vo. ‘ 
If the base line or reference of the electrical signal in 
put —Vx drifts upwardly during integration, as during 
the integration cycle for the ?rst peak in FIGURE 9, 
the shaded portion between that reference and the elec 
trical base line signal —V0 should be subtracted. Simi 
larly, if it drifts downwardly the shaded portion under 
the second peak in FIGURE 9 should be added, These 
areas are usually relatively small, but when they are‘ 
not, as in the example illustrated in FIGURE 9, the mis 
computed area can be a signi?cant portion of the overall 
all peakyBy recording the automatically corrected base 
line signal --V.,, the operator may calculate the portion 
to be added or subtracted using graphical techniques. 
Calculations for these corrections are relatively simple 
to make since the portion to be added or subtracted will 
be very closely approximated by a triangle, rectangle, 
or trapezoid the areas of which may be quickly calcu 
lated and converted to a number to be added or sub 
tracted to the integral automatically obtained and 
printed out for the particular peaks. 

While the principles of the invention have now been 
made clear in an illustrative embodiment, obvious modi 
?cations particularly adapted for speci?c applications, 
environments and operating requirements may be made 
without departing from those principles. The appended 
claims are therefore intended to embrace any such modi 
‘?cations. 
What is claimed is: 
1. An apparatus for the automatic integration of the 

area under peaks of an electrical input signal waveform 
whose amplitude varies with time in which the integration 
is with respect to an electrical base line reference signal 
comprising: ' 

analog to digital converter means having a ?rst input 
terminal upon which the input electrical signal wave 
form is impressed and a second input terminal cou 
pled to the electrical base line reference signal for 
providing a series of output pulse trains with each 
train of pulses representing an increment of area 
under a peak of the input signal waveform and for 
providing ?rst or second control pulses having time 
durations which are a function of the logarithm of 
the ratio of the amplitude of said input electrical sig 
nal to the amplitude of said electrical base line refer 
ence signal, said ?rst control pulses being produced 
when said ratio is less than one and said second con 
trol pulses when said ratio is greater than one; 
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base line correction means connected to said analog to 

digital converter and responsive to said ?rst and sec 
ond control pulses to vary the amplitude of the elec 
trical base line reference signal until it is equal to 
the amplitude of the input electrical signal, the elec 
trical base line reference signal ‘being driven in a 
positive going direction in response to said ?rst con 
trol pulse and in a negative going direction in re 
sponse to said second control pulse; 

accumulator means for totaling all the pulses in the 
series of said output pulse trains associated with each 
peak of the input electrical signal; 

gating means connected between said analog to digital 
converter means and said accumulator means; 

peak monitoring means responsive to the electrical in 
put signal waveform for indicating the presence or 
absence of peaks in the input signal; 

control means connected to said peak monitoring means, 
said gating means, and said base line correction 
means for enabling the gating means only during the 
presence of signal peaks and for enabling the base 
line correction means only during the absence of 
signal peaks; and, 

a recorder for continuously recording both said elec 
trical input signal and said electrical base line refer 
ence signal as a function of time. 

2. An apparatus as de?ned in claim 11 wherein said 
control means comprises: 

a slope detector for determining when the slope of a 
peak of said input electrical signal exceeds a ?rst pre 
determined value of one polarity and a second pre 
determined value of the opposite polarity and to 
enable said gating means to allow the accumulation 
of said output pulses when the slope ?rst exceeds 
said ?rst predetermined value of one polarity, and to 
disable said gating means and stop accumulation of 
said output pulses when the slope falls below said 
second predetermined value of opposite polarity after 

. having ?rst exceeded it; and, 
timing means coupled to said slope detector for stop 

ping accumulation of said output pulses after a pre 
determined period has elapsed following the starting 
of accumulation by said electrical signal slope exceed 
ing said ?rst predetermined value unless a slope of 
opposite polarity which exceeds said second prede— 
termined value has by that time occurred. 

3. An apparatus as de?ned in claim 2 wherein said base 
line correction means includes: 

a relay control means coupled to said slope detector for 
enabling said base line correction means only when 
accumulation of said output pulses is stopped. 

4. An apparatus as de?ned in claim 3 wherein said 
base line correction means further includes a delay timer 
connected to said relay control means for delaying the 
enabling of said base line correction means for a prede 
termined period of time after said accumulation of said 
output pulses is stopped. 

5. An apparatus as de?ned in claim 4 wherein said 
?rst and second control pulses have a direct relation to 
the algebraic sign of the difference between said electrical 
signal and said electrical base line reference signal, said 
?rst control pulse being produced when the sign is nega 
tive and said second control pulse when the sign is posi 
tive; and, - 

said base line correction means is responsive to the 
time duration of said ?rst or second control pulses. 

6. An apparatus as de?ned in claim 5 wherein said 
converter comprises: 

a ?ip-?op gated ‘diode means for ?rst charging a ca 
pacitance to a predetermined potential and then dis 
charging said capacitance at a predetermined rate 
through the potential levels of said electrical signal 
and said electrical base line reference signal; 

comparator ampli?er means responsive to said capaci 
tance potential, electrical signal and electrical base 
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line reference signal for producing a ?rst or second 
control pulse the duration of which corresponds to 
the time required for said capacitance to discharge 
from one of said potential levels to the other, and 
the production of which corresponds to the relative 
amplitude of said electrical signal to said electrical 
base line reference signal; 

a source of clock pulses; and, 
gate means coupled to said clock pulse source and 

responsive to said time duration of said ?rst control 
pulses for gating clock pulses from said source to 
said accumulator as an indication of the time inter 
val of said ?rst control pulse. 

7. An apparatus as de?ned in claim 6 wherein said 
means for producing a ?rst or second control pulse 
comprises: _ 

?rst and second ampli?ers, each having an output 
terminal and a pair of differential input terminals, 
one of said pair of terminals of each being con 
nected to ground, the second input terminal of said 
?rst ampli?er being adapted to sum part of the dis 
charge current from said capacitance plus a cur 
rent proportional to said electrical signal, and the 
second input terminal of said second ampli?er be 
'ing adapted to sum the remaining part of the dis 
charge current from said capacitor plus a current 
proportional to said electrical Ibase line reference 
signal; 

logic means coupled to output terminals of said ?rst 
and second ampli?ers for producing said second 
control pulse when said output terminal of said ?rst 
ampli?er changes polarity before the output termi 
nal of said second ampli?er changes sign and until 
said output terminal of said second ampli?er 
changes polarity, and producing said ?rst control 
pulse when said output terminal of said second 
ampli?er changes polarity before the output termi 
nal of said ?rst ampli?er changes sign and until said 
?rst ampli?er changes polarity; and, 

synchronizing means for ?rst charging said capacitance 
while disabling said logic means and then enabling 
said logic means while discharging said capacitance 
through the potential levels of said electrical signal 
and said electrical base line reference signal. 

8. An apparatus as de?ned in claim 1 further compris 
ing printing means coupled to said accumulator for print 
ing at selected time intervals a number representing the 
total number of output pulses accumulated by said ac 
cumulator for each peak in said electrical input signal 
waveform. 

9. An apparatus for the automatic integration of the 
area under a series of peaks of an input electrical signal 
waveform in which the integration is with respect to an 
electrical base line reference signal comprising: 
means for sampling the input electrical signal wave 
form at a predetermined rate and providing a series 
of output pulses, each pulse having a time duration 
which is a function of the instantaneous amplitude 
of the input signal at the sample time and represent 
ing an increment of area under a peak of the input 
signal said sampling means including means for 
producing at selected time periods ?rst or second 
control pulses; 

accumulator means connected to said sampling means 
for totaling the time durations of said series of out 
put pulses associated with each peak in the input 
electrical signal Waveform; . 

base line correction means connected to said signal 
sampling means and responsive to said ?rst or sec 
ond control pulse to vary the amplitude of said base 
line reference signal until it is equal to the ampli 
tude of said input electrical signal, said base line 
correction ‘means driving the reference signal in a 
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positive going direction in response to said ?rst con 
trol pulse and in a negative going ‘direction in re 
sponse to said second control pulse; 

peak monitoring means responsive to the input electri 
cal signal waveform for sensing the presence or ab 
sence of a signal peak in the input signal; 

control means connected to said peak monitoring 
means and coupled to said base line correction 
means and said accumulation means for enabling 
said base line correction means only during the ab 
sence of a peak in said input signal waveform and 
for enabling said accumulator means to total the 
time durations of said output pulses only during the 
presence of a peak in the input signal; and, 

recording means for continuously recording both the 
waveforms of the input electrical signal and the 
electrical base line reference signal. 

10. Apparatus as claimed in claim 9 wherein said con 
trol means includes means for identifying twin peaks in 
said input signal and maintaining the base line correction 
means disabled upon the occurrence of such twin peaks. 

11. An apparatus for integrating the area under peaks 
of the input signal waveform whose amplitude varies 
as a function of a quantity being measured in which the 
integration is performed with respect to an electrical base 
line reference signal comprising: 

analog to digital converter means for receiving the in 
put electrical signal Waveform and the base line ref 
erence signal to provide a plurality of output pulses 
representing increments of area under the input sig 
nal waveform peaks; 

base line correction means for varying the amplitude 
of the base line reference signal until it is equal 
to the amplitude of the input signal waveform; 

peak monitoring means responsive to the input signal 
’ waveform for identifying the presence or absence of 
peaks in the input signal waveform; 

control means connected to said peak monitoring means 
and said base line correcting means forpdisabling the 
base line correcting during the presence of input sig 
nal peaks and enabling the base line correction means 
during the absence of input signal peaks; 

accumulator means connected to said analog to digital 
converter means for accumulating all of the output 
pulses associated with each input signal peak; and, 

a recorder for continuously recording both Waveforms 
of said input electrical signal and said electrical base 
line reference signal. 

12. An apparatus for automatically integrating the 
area under peaks of an input electrical signal waveform 
whose amplitude varies with time wherein the integra 
tion is performed with respect to an electrical base line 
reference signal comprising: I 

analog to digital converter means for receiving said 
input signal and said electrical base line reference 
signal and providing a series of output pulse trains 
with each train of pulses representing an increment 
of area under a peak of the input signal waveform 
and providing ?rst or second control pulses; 

base line correction means connected to said analog 
to digital converter means and responsive to said 
control pulses for varying the amplitude of said 
electrical base line reference signal until it is equal 
to the amplitude of the input electrical signal, said 
base line correction means being responsive to said 
?rst control pulses to drive the ampltiude of said 
electrical base line reference signal in a positive 
going direction and responsive to said second control 
pulse to drive the amplitude of the electrical base 
line reference signal in a negative going direction; 

peak determining means responsive to the input elec- ' 
trical signal waveform for identifying the presence 
or absence of peaks in the input signal waveform; 

accumulator means connected to said analog to digital 
converter means for accumulating the total number 
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of pulses in said series of output pulse trains associ 
ated with each input signal peak; and, 

control means connected to said peak detector, to said 
base line corrector and to said analog to digital con 
verter for disabling said base line corrector and en 
abling said accumulator during the presence of peaks 
in the input signal waveform and enabling said base 
line corrector and disabling said accumulator during 
the absence of peaks in said input signal. 

13. Apparatus as claimed in claim 12 wherein said ana 
log to digital converter includes a logarithmic converter 
for producing output pulses having time intervals which 
are a function of the logarithm of the ratio of the ampli 
tude of the input electrical signal to the amplitude of the 
electrical base line reference signal. 

14. An apparatus for the automatic integration of the 
area under peaks of an input electrical signal waveform 
whose amplitude varies as a function of a quantity being 
measured wherein the integration is performed with re 
spect to an electrical base line reference signal compris 
mg: 

converter means coupled to said input electrical signal 
and said base line reference signal for providing a 
series of output pulses and ?rst and second control 
pulses, said output pulses representing selected in 
crements of area underv peaks in said input signal, 
said output pulses and said control pulses having 
time duration intervals which are a function of the 
logarithm of the ratio of the amplitude of said input 
electrical signal to the amplitude of said electrical 
base line reference signal, said ?rst control pulse 
being produced when said ratio is less than one and 
said second control pulse when said ratio is greater 
than one; 

base line correction means connected to said converter 
means and responsive to said ?rst and second control 
pulses to vary during selected time intervals the 
amplitude of the electrical base line reference signal 
until it is equal to the amplitude of the input electri 
cal signal, said base line correction means varying 
said base line reference signal in a positive going 
direction in response to said ?rst control pulse and 
in a negative going direction in response to said sec 
ond control pulse; 

accumulator means operatively coupled to said con 
verter means for receiving and totaling the time in 
tervals of all the output pulses associated with a 
given peak appearing in the input electrical signal; 

peak monitoring means responsive to the input elec 
trical signal waveform for determining the presence 
or absence of peaks in the input signal; 

control means connected to said peak monitoring 
means, said base line correction means and said 
accumulator means for activating said accumulator 
means to receive said, output pulses and disabling 
said base line correction means during the presence 
of a peak in the input signal and deactivating said 
accumulator and enabling said base line correction 
means during the absence of a peak in the input sig 
nal; and 

recording means for continuously recording the wave 
forms of both the input electrical signal and the 
base line reference signal. 
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15. Apparatus as de?ned in claim 14 wherein said con 

trol means includes means for recognizing twin peaks in 
said input electrical signal waveform and means for pre~ 
venting the correction of the base line reference signal 
in the interval between twin peaks upon the occurrence 
thereof. 

16. An apparatus for integrating the area under peaks 
of an input signal waveform whose amplitude varies as a 
function of a quantity being measured in which the inte 
gration is performed with respect to an electrical base 
line reference signal comprising: 

a logarithmic converter for receiving said input elec 
trical signal and said electrical base line reference 
signal and providing a plurality of output pulses for 
each signal peak, each output pulse having a time 
duration as a function of the logarithm of the ratio 
of the magnitude of the input signal to the magni 

' tude of the base line reference signal; 
means connected to said logarithmic converter and re 

sponsive to said plurality of time duration output 
pulses for providing a series of output pulse trains, 
each train of pulses consisting of a plurality of 
equally spaced pulses the number of which is a func 
tion of the time duration of a corresponding time 
duration output pulse and represents an increment 
of area under a peak of the input signal waveform; 
and 

accumulator means for receiving said series of output 
pulse trains and accumulating the total number of 
pulses in the series of output pulse trains, said total 
number of pulses being indicative of the total area 
under a peak of the input signal waveform. 

17. The apparatus de?ned in claim 16 further com 
prising: 

base line correction means for varying the amplitude 
of the base line reference signal until it is equal to 
the amplitude of the input signal waveform; 

peak monitoring means responsive to the input signal 
waveform for identifying the presence or absence of 
peaks in the input signal waveform; and 

control means connected to said peak monitoring 
means and said base line correcting means for dis 
abling the base line correcting during the presence of 
input signal peaks and enabling the base line correc 
tion means during the absence of input signal peaks. 
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